Alkaline phosphatase synthesis is controlled by three regulator genes (R1, R2a, and R2b) in Escherichia coli (9, 11). Mutations in any of these loci can derepress alkaline phosphatase synthesis in media that contain excess phosphate. The protein product of the R2a region has been isolated by Garen and Otsuji (11); the R2. protein increases when alkaline phosphatase increases and decreases when alkaline phosphatase decreases. In addition, suppressor mutations that act at the level of messenger ribonucleic acid (mRNA) translation into protein (1, 2, 9, 12, 19, 20) suppress constitutive mutations in R1, R2., and R2b, indicating that all three regulator genes specify proteins (9). In previous studies, low concentrations of DLp-fluorophenylalanine (FPA) induced the synthesis of capsular polysaccharide in E. coli K-12 (strain AB259) and caused derepression of several enzymes involved in capsular polysaccharide synthesis (13) . The results were consistent with the following model: FPA is incorporated into the protein product of a regulator gene and alters it sufficiently to allow derepression of several enzymes of polysaccharide synthesis. Therefore, the present study was undertaken to examine the effect of FPA on the regulation of alkaline phosphatase synthesis.
p-Fluorophenylalanine (FPA) causes a 100-fold increase in alkaline phosphatase in Escherichia coli B, strain PRI at 30 C in minimal medium that contains excess inorganic phosphate (1.92 X 10-3 M). Little increase in alkaline phosphatase synthesis occurs under these conditions at 22 C. [This strain is known to have a mutation in a regulator gene (R2) that, in the absence of FPA, permits derepression of alkaline phosphatase synthesis at 37 C, but not at 30 C or below.] In contrast, E. coli B3 (the strain from which E. coli B strain PR1 was derived) is not derepressed at 30 C by FPA. '4C-FPA is incorporated into bacterial proteins. Temperature- shift experiments (30 C±22 C) in the presence of FPA are consistent with the following mechanism. FPA is incorporated into the genetically altered R2 protein at 30 and 22 C. This further alteration due to the incorporation of analogue makes the R2 protein inactive at 30 C, but active at 22 C.
Alkaline phosphatase synthesis is controlled by three regulator genes (R1, R2a, and R2b) in Escherichia coli (9, 11) . Mutations in any of these loci can derepress alkaline phosphatase synthesis in media that contain excess phosphate. The protein product of the R2a region has been isolated by Garen and Otsuji (11) ; the R2. protein increases when alkaline phosphatase increases and decreases when alkaline phosphatase decreases. In addition, suppressor mutations that act at the level of messenger ribonucleic acid (mRNA) translation into protein (1, 2, 9, 12, 19, 20) suppress constitutive mutations in R1, R2., and R2b, indicating that all three regulator genes specify proteins (9) . The studies of Gallant (7) .
In previous studies, low concentrations of DLp-fluorophenylalanine (FPA) induced the synthesis of capsular polysaccharide in E. coli K-12 (strain AB259) and caused derepression of several enzymes involved in capsular polysaccharide synthesis (13) . The results were consistent with the following model: FPA is incorporated into the protein product of a regulator gene and alters it sufficiently to allow derepression of several enzymes of polysaccharide synthesis. Therefore, the present study was undertaken to examine the effect of FPA on the regulation of alkaline phosphatase synthesis.
Studies (Fig. 1) .
For the measurement of net protein synthesis in the presence of FPA (Fig. 2 ), L-leucine-4,5-'H (10-3 M final concentration, 1 4c/Amole) was added to a 10-ml cell suspension containing 8 X 10-5 M FPA when the OD at 600 m,u was 0.05. At intervals, a 0.2-ml portion was added to an equal volume of 10% trichloroacetic acid, and the mixture was heated at 90 C for 15 min. The precipitate (protein plus cell wall fraction) was deposited quantitatively on a membrane (Millipore Corp., Bedford, Mass.) by filtration and subsequent washing with 5.0 mnl of 5% trichloroacetic acid. The simultaneous measurement of incorporation of FPA and leucine was accomplished by the addition of leucine-4,5-3H and FPA-3-14C (final concentration of 5 X 10-4 M and 1 X 10-4 M, respectively; both had a specific activity of 1 ,uc/,4mole) to a 10-ml cell suspension. Portions (1 ml) were treated as indicated above to measure incorporation into protein and cell wall fractioni.
Radioactivity was determined in a Tri-Carb liquid scintillation spectrometer with 0.65% 2,5-diphenyloxazole-0.0105% 1,4-bis-2-(5-phenyl-oxazolyl) -benzene in toluene.
FPA and p-nitrophenyl phosphate were purchased from Calbiochem, Los Angeles, Calif. L-Leucine-4, 5-3H and FPA-3-14C were purchased from New England Nuclear Corp., Boston, Mass., and Calbiochem, respectively.
RESULTS AND DISCUSSION
Experiments with strain PR1 indicated that derepression of alkaline phosphatase synthesis and adequate growth would occur at 30 C in media that contained excess phosphate (1.92 X 10-3 M KH2PO4) and 8 x 10-5 M FPA. The data in Table 1 demonstrate that a 100-fold increase in specific enzymatic activity can be obtained by growth of strain PR1, but not by the parent (strain B3), under these conditions. Both strains were derepressed by growth in limited phosphate ( FPA at 22 C was 5 to 10% of that at 30 C. The difference in the differential rate of alkaline phosphatase synthesis at these two temperatures could be explained if the differential rate of incorporation of FPA into protein were much lower at 22 C as compared with 30 C. However, double labeling experiments demonstrated that 14C-FPA incorporation into protein (as measured by 3H-leucine incorporation) was not detectably different from that at 22 C. Thus, the difference in alkaline phosphatase synthesis at these two temperatures is not explained by a temperaturedependent change in the differential rate of 14C-FPA incorporation into the total protein fraction.
There was a striking difference in the FPAinduced differential rate of alkaline phosphatase synthesis at 30 C as compared with 22 C. Therefore, temperature-shift experiments in both directions were undertaken. Figure 2 shows the results of shifts from 30 to 22 C. The most significant point is the following. During derepression at 30 C, a shift to 22 C resulted in an immediate reduction in the differential rate of alkaline phosphatase synthesis.
Since FPA-induced derepression was slight at 22 C, the effect of previous growth in FPA at 22 C on subsequent derepression at 30 C could be examined. The results are presented in Fig. 3a and b. When cells were placed in FPA at 30 C, derepression of alkaline phosphatase synthesis 1 Fig. 3a ) yields a series ofstraight lihes for the cultures shifted from 22 to 30 C (at some time after the shift). These lines intercept the line obtained for the culture at 22 C throughout the experiment. The initercepts yield estimates of the length of lag. thesis of alkaline phosphatase when a culture is shifted to 30 C. In fact, the lag is reduced from 60 to 5 min (Fig. 3a and b) . Mechanisms i and iia both require that less R2 protein be needed at 22 C as compared with 30 C for the repression of alkaline phosphatase synthesis. We have measured the differential rate of alkaline phosphatase synthesis in varying concentrations of inorganic phosphate (limiting to excess) at 22 and 30 C (in the absence of FPA) and find that the differential rate is dependent on phosphate concentration but independent of temperature (30 and 22 C).
Gallant and Stapleton found a twofold higher differential rate of alkaline phosphatase synthesis at 30 C as compared with 22 C in excess phosphate with the same strain (5) . This difference in results may be accounted for by difficulties in enzymatic activity assays on crude extracts with very low specific enzymatic activities. The simplest explanation of these results is that the amount of R2 protein is approximately equal at 22 and 30 C. Sadler and Novick (18) have provided support for this assumption in the f-galactosidase system. If the differential rate of alkaline phosphatase synthesis is a measure of the amount of R2 protein and if FPA were not incorporated into the R2 protein (i and iia), then we would expect the differential rate of alkaline phosphatase synthesis to be equal at 22 and 30 C in the presence of FPA (just as it is in the absence of FPA; see above). In fact, the differential rate is reduced 5-to 10-fold on shifting from 30 to 22 C. Therefore, mechanisms i and iia seem unlikely, but are not eliminated.
Gallant and Stapleton showed that rapid appearance of R2 protein activity can occur at lower temperatures in strain PRI (6) . Therefore, the rapid cessation of FPA-induced alkaline phosphatase synthesis on shifting from 30 to 22 C can be explained either by rapid de novo synthesis of R2 protein at 22 C or reactivation of existing R2 protein at 22 C. On the basis of this mechanism, the delay in re-establishement of repression after phenylalanine addition to PRI derepressed by FPA at 30 C (Fig. 1) would be a measure of the time required for synthesis of sufficient phenylalanine-containing R2 protein to stop alkaline phosphatase synthesis at 30 C. There is some precedent for a mechanism based on FPA incorporation. Although FPA incorporation into alkaline phosphatase in place of phenylalanine does not alter the activity or stability of this enzyme (17) , incorporation of other analogues into some proteins leads to alteration in stability. For example, incorporation of fluorotyrosine in 3-galactosidase yields an enzyme that is enzymatically active but thermolabile (14, 16) .
Gallant demonstrated that a shift of strain PRI from 37 C in media that contained excess phosphate, where rapid alkaline phosphatase synthesis was taking place, to 25 C resulted in "immediate re-establishment of repression" (4). Gallant and Stapleton (5, 6) preferred to explain this effect as a rapid resynthesis of R2 gene product which was more rapid at lower temperature. However, their results (4-7) are equally compatible with the reactivation of existing R2 gene product at the lower temperature (below 30 C).
Genetic studies of partial diploid strains of E. coli K-12 
